Objective To validate the Motor Impairment Scale (MIS) of the Korean long-term care insurance (LTCI) system by comparing with the service time offered for aiding activities of daily living (ADL) and the ADL score. Methods A total of 407 elderly subjects without dementia who had used LTCI services were included in this study. Spearman correlations and multivariate linear regression models were employed to determine the relationship of the upper and lower limb MIS (U-MIS and L-MIS, respectively) to the service time and ADL. Stratified analyses for the facility group (n=121) and the domiciliary group (n=286) were performed. Results There were significant differences in characteristics between facility group and domiciliary group. The MIS was significantly correlated with service time in facility group (Spearman p=0.41 for U-MIS, Spearman p=0.40 for L-MIS). After adjusting for age, sex, and cognition score, U-MIS was an independent predictor for service time in facility group (p=0.04). In domiciliary group, no significant correlation was found between the MIS and service time. The MIS correlated with all of the ADL items and total ADL score in both groups. After adjusting for other factors including age, sex, and cognitive score, U-MIS and L-MIS were independent variables for explaining the total ADL score in both groups. Conclusion The validity of the MIS as an evaluation tool in the physically-disabled elderly is higher in facility group than in domiciliary group. As an easy, objective, and simple method, MIS can be a useful tool in the LTCI system of Korea.
INTRODUCTION
The long-term care insurance (LTCI) system has been implemented in a few countries including Korea, Japan, and Germany [1, 2] . The LTCI is a system to improve the quality of life of the elderly and to contribute to the family's welfare by providing care benefits to elderly persons who cannot maintain the activities of daily living (ADL) without assistance [3] . The policy consists of providing social services that complement the care given by families rather than providing alternative medical services. The LTCI in Korea covers senior citizens who are 65 years www.e-arm.org old or older and those who are less than 65 years old and suffering from geriatric disease [4] .
For acceptance into the LTCI program, an evaluation agent, such as a nurse, social worker or physical therapist, visits the home of the person applying for long-term care for evaluation of the condition of the applicant, using 5 evaluation domains [3, 5] (Fig. 1) . The long-term care grading committee reviews the status of the applicant and doctor's medical opinion to decide the care grade the applicant should receive. The Korean LTCI employs a system of 3 care grades. Elderly people who have to depend on assistance in all aspects of daily life are categorized into care grade 1. Senior citizens who need continuous instruction and monitoring are classified into care grade 2. Lastly, aged persons who need some assistance when going out are categorized into care grade 3.
Since the introduction of the Korean LTCI in 2008, the beneficiaries of this social insurance scheme have numbered up to 323,000 elderly persons in 2012. Because doctors are not able to evaluate all of the applicants, a valid evaluation system with qualified agents is mandatory. To assess the validities of the 5 domains of the evaluation system, the Korea Institute for Health and Social Affairs (KIHASA) collected data on the elderly who had been using long-term care services in the period from August 2011 through September 2011 [5] .
The evaluation tool for measuring motor impairment of the rehabilitation domain, named the Motor Impairment Scale (MIS), was introduced and adopted despite insufficient evidence for its validity and reliability. Although the MIS has been used by up to 950,000 applicants since 2008 as part of a motor evaluation tool in LTCI, there have been few reports examining the validity and reliability of the MIS. The aim of the present study was to investigate the relationships of the MIS with service time for ADL, ADL score and care grade by using objective data from the KIHASA. To the best of the authors' knowledge, this is the first study to report the validity of the MIS in the Korean LTCI system.
MATERIALS AND METHODS

Study population
A total of 23 qualified care institutions of the National Health Insurance Corporation, in which the care grades were evenly distributed, were selected. The data were collected from 1,006 elderly persons from 6 residential medical welfare facilities, 6 domiciliary visit care institutions, 6 day or night protection institutions, and 5 domiciliary nursing institutions. We excluded participants who had been diagnosed with dementia by a doctor to eliminate the effect of cognition on motor ability [6] . Eventually, 407 elderly persons were included in the current study.
Many previous studies on the LTCI system looked separately at the elderly who were admitted to facilities and those who were living in their home because they have quite different characteristics [6] [7] [8] [9] [10] . In the current study, the participants who were admitted to a medical welfare facility were allocated to the facility group (FG). The other subjects receiving domiciliary benefits including domiciliary visit care, day or night protection, or domiciliary nursing service were included in the domiciliary group (DG). Among the participants, 121 subjects were using facility benefits, and the rest of the 286 subjects were using domiciliary benefits. Stratified analyses were performed according to the care benefit to verify the validity of the MIS in each subgroup. Fig. 1 . The process for approval in the long-term care insurance system. After submission of the application form to the National Health Insurance Corporation, an evaluation agent visits the applicant to evaluate status in 5 domains. A long-term care score is calculated based on the agent's reports. Finally, a long-term care grading committee reviews all the results including the long-term care score and the doctor's medical opinion to decide the care grade.
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Measurements
The evaluation items in the LTCI system were recorded by qualified evaluation agents. The evaluation agents recorded age, sex, care grade, vision impairment, and hearing impairment after gathering this information from the participants, caregivers or care staff. Motor impairment was evaluated using the MIS with a 3-grade system by observing the actual movements of the participants, and not just by inquiring about the ability to perform. The MIS was assessed for each of the upper and lower limbs as shown in Fig. 2 (U-MIS and L-MIS, respectively). Each of the upper limbs was assessed by asking the subject to extend the limb and hold it for 10 seconds with 90° of shoulder flexion and the hand in the palm-down position, in the sitting or standing state. For each of the lower limbs, investigators instructed the subject to extend the limb and hold it for 5 seconds with 30° of hip flexion in the supine position. After the limb was placed in the appropriate position, the subject's effort in making the movement was graded on a scale from 0 to 2: normal was 0, partial paralysis was 1, and complete paralysis was 2. A normal (score of 0) was defined as holding the limb for a full 10 seconds for the upper limbs, and a full 5 seconds for the lower limbs. Partial paralysis (score of 1) was defined as making some effort against gravity or drifting down before the full 10 seconds for the upper limbs, and 5 seconds for the lower limbs. Complete paralysis (score of 2) was defined as no movement or no effort against gravity for both of the upper and lower limbs. Each limb was tested in turn, and the scores for the upper limbs were added together to determine the U-MIS. L-MIS was acquired by adding the scores for each lower limb. Each of the U-MIS and L-MIS ranged from 0 to 4 points. A higher MIS score indicated more severe motor impairment.
The evaluation agents observed the participants and care staff for 24 hours to record the types and time of services. The service time was evaluated on a different day to the other evaluations in order to prevent loss of services through the performance of the evaluations. The agents recorded the type of services according to a series of service codes every minute. The minutes taken for each group of services such as ADL, communication, nursing, and welfare were added to generate the service time for each of those services. In the current study, we calculated the service time for ADL by adding the times for hygiene activities, dressing, bathing, urination, defecation, feeding, transfers, and mobility together.
The ADL in LTCI was assessed with 13 items, and 6 of them were consistent with the Korean activities of daily living (K-ADL) items [11] . The 13-item ADL evaluation scale included activities such as dressing, washing one's face, brushing one's teeth, bathing, feeding, transfers, sitting up, mobility in the room, mobility in the facility or house, using the toilet, bowel control, bladder control, and washing one's hair. As with the K-ADL, ADL items in the LTCI were scored using a 1 to 3 grading scale: 1 (independent), 2 (partially dependent), and 3 (totally dependent). Each score of the 13 ADL items were added together to calculate the total ADL score. 
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Although we included only people without dementia in our study, the cognitive function of the subjects was still considered in the analysis due to the possibility of cognitive state being a confounding factor. Participants were required to answer questions on a total of 11 cognitive items. The items included simple questions to assess memory, calculation, and inference ability. Among them, 7 items overlapped with those of the Korean version of Mini-Mental State Examination (K-MMSE) [12] . One point was given for one correct answer given by the subject, yielding a cognitive score on an 11-point scale. The correctness of the answer such as age and birthday was confirmed by staff members or caregivers.
Validity of MIS
The estimated service time is one of the most important determinants of eligibility for LTCI in Korea and Japan [5, 13] . Additionally, the main purpose of LTCI is to provide care to the elderly who cannot maintain ADL without assistance and to improve the quality of life in those people [14, 15] . Therefore, the service time needed for ADL was considered a primary criterion to confirm the validity of the MIS. The correlation between MIS and service time was analyzed to investigate the validity of the MIS. The relationships of MIS with ADL and care grade were also analyzed as supporting evidence for the validity of the MIS.
Statistical analysis
Independent t-test and chi-square test were used to compare characteristics between FG and DG. The relationships between MIS and service time for ADL were analyzed by Spearman ρ correlation. Multivariate linear regression analysis was employed to identify independent predictors for the service time. Univariate linear regression analyses were performed in advance to examine the association between service time and demographic factors or measurements. A multivariate linear regression analysis was then performed with the enter method using significant variables in the univariate analyses. The relationship between MIS and ADL was also analyzed by Spearman ρ correlation and the multivariate linear regression model. Data were analyzed separately for FG and DG in the analysis. The correlation of care grade with MIS, service time, and total ADL score were analyzed by Spearman ρ correlation in both the subgroups. The sig- 
RESULTS
Study population
The mean age of total participants was 77.27±9.11 years as shown in Table 1 . There were no significant differences between FG and DG in U-MIS, L-MIS, age, vision impairment, and hearing impairment. FG had a worse ADL score, more service time and a lower cognition score than DG. Females were predominant in both groups, but the proportion of males was relatively higher in DG. The distribution of care grade was different between FG and DG. DG included more independent elderly persons, who were represented as care grade 3. Living alone could be evaluated only in the DG, and 24.48% of the DG had no family members.
Service time
Significant correlation between MIS and service time was observed only in FG (Spearman ρ=0.41, p<0.001 for U-MIS; Spearman ρ=0.40, p<0.001 for L-MIS), but not in DG (Fig. 3) . In the univariate analysis, age, sex, U-MIS, L-MIS, and cognition score had significant associations with service time in FG. For DG, only sex and U-MIS showed significant association with service time. The results of the multivariate analysis for both groups are shown in Table 2 . In the FG, the predictability of age, sex, U-MIS, L-MIS, and cognition score was one third of the service time variability (adjusted R 2 =0.33, p<0.001). After www.e-arm.org adjusting for age, sex, and cognition score, U-MIS was significantly associated with service time. L-MIS, however, was no longer an independent predictor for service time after adjustment of other factors. In DG, age, sex, U-MIS, and L-MIS were able to predict only 2.4% of the variability of service time (p=0.03). After adjustment for other predictors, U-MIS showed a weak positive correlation with service time.
Activities of daily living
The U-MIS and L-MIS showed significant correlation with most of the ADL items and the total ADL score (Table 3). In FG, all of the 13 items and the total ADL score displayed moderate correlation with U-MIS and L-MIS. However, in DG, bathing, bowel control, bladder control, and washing one's hair showed weaker correlation with U-MIS. Dressing, bathing, and bladder control showed weaker correlation with L-MIS. In the univariate analysis, www.e-arm.org U-MIS, L-MIS, and cognition score showed significant association with the total ADL score in FG. For DG, U-MIS, L-MIS, cognition score, vision impairment, and living alone were significantly associated with the total ADL score. Final multivariate models for the total ADL score in both groups are shown in Table 4 . In the multivariate model of FG, the predictive value of age, sex, U-MIS, L-MIS, and cognition score was more than half of the total ADL score variability (adjusted R 2 =0.56, p<0.001). After adjusting for age, sex, and cognition score, U-MIS and L-MIS were significantly associated with the total ADL score. In DG, age, sex, U-MIS, L-MIS, cognition score, vision impairment, and living alone were able to predict 34.4% of the variability of the total ADL score (p<0.001).
After adjustment for other predictors, U-MIS and L-MIS were still positive independent variables for the total ADL score.
Care grade
It was demonstrated that care grade was significantly correlated with service time, total ADL score, U-MIS and L-MIS (p=-0.65, p=-0.77, p=-0.44, and p=-0.47, respectively) in FG. In DG, the correlations of care grade with total ADL score, U-MIS and L-MIS were weaker than in FG (p=-0.64, p=-0.27, and p=-0.35, respectively). We failed to prove any correlation between service time offered for ADL and care grade in DG.
DISCUSSION
There have been many studies concerning the adequacy of evaluation items in the LTCI in accurately assessing the care needs of the elderly [16] [17] [18] [19] . However, the studies on the validity and reliability of the evaluation tools in the LTCI system have been rather limited up until now [20, 21] . A study revealed that care grade and cognitive impairment were generally correlated, but some adjustment measure for cognitive impairment was needed in mildly or moderately physically disabled patients [6] . Another study reported that physical function classified by the LTCI system of Japan was correlated with Fried's criteria for frailty syndrome [22] .
In the process of long-term care grade judgment, an evaluation agent assesses the applicant according to the 5 domains of physical functions, which include cognition, behavioral changes, demand for nursing, and demand for rehabilitation. Among the 5 domains, the rehabilitation domain consists of MIS and joint range of motion limitation. The present study was designed to investigate the validity of the MIS in the LTCI system of Korea. The service time offered for ADL was considered a primary criterion measurement to verify the concurrent validity of the MIS because the payments of LTCI are based on the estimated service time. The ADL evaluations were used as a secondary criterion measurement and not as a primary criterion measurement because the validities of ADL items and score are still unproven. Care grade was used only as a supportive criterion measurement, since it had been assigned before this study. We considered the possibility that the applicants might give false information to the evaluation agents to obtain a higher care grade. The objective of the current study was achieved by demonstrating a significant correlation between MIS and service time for ADL and ADL evaluations.
The characteristics of FG and DG were quite different, resulting in different patterns of correlations. The total ADL score, cognition score, service time, and sex of FG and DG were significantly different. The distribution of care grade was dissimilar between FG and DG, and care grade 3 comprised a larger proportion in DG. The elderly in FG showed significantly more dependent ADL and lower cognition scores than those in DG, suggesting more disability among the elderly in FG. Care staff members spent more time on ADL in FG than in DG. The mean age of total participants was approximately equal to the life expectancy of Korean males (77.2 years in 2010), but lower than that of females (84.1 years in 2010). We inferred that the predominance of females in both groups was caused by the longer life expectancy of women [23] . Because there was no statistical difference of MIS between FG and DG, the baseline differences of service time and total ADL score between both groups were assumed to have originated from other factors, such as cognitionrelated factors or medical disease [8] .
Service time for ADL was our primary criterion measurement to gauge the concurrent validity of MIS, because the estimated care time is an important determinant of care need and care grade in Korea and Japan [5, 13] . In FG, significant correlation was observed between MIS and service time. U-MIS was an independent predictor after adjusting for age, sex, and cognition score in FG. After adjustment for other factors, L-MIS was not www.e-arm.org an independent predictor for service time. The motor function of the upper limbs may have more influence on the performance of ADL activities than that of lower limbs. The correlation between MIS and service time in DG was different from our prediction. No relationship between MIS and service time was demonstrated in DG, and only 2.4% of the variation in service time could be explained by age, sex, U-MIS, and L-MIS. Considering these results, our postulation that the service time offered for aiding ADL might be representative of the care needs can be applicable to FG only.
ADL was a secondary criterion measurement to demonstrate the validity of MIS. It was proved that the MIS was correlated with all of the ADL items and the total ADL score. Most of those correlations were moderate except for the weak association of MIS and bathing and bladder control in DG. FG showed stronger correlation between MIS and ADL than DG. After adjustment of age, sex, and cognitive score, U-MIS and L-MIS were independent predictors for the total ADL score in both groups. In conclusion, as the motor functions of the elderly subjects were more impaired, the ADL of these subjects were more dependent. In addition, living alone was another independent predictor for the total ADL score in DG. The elderly subjects who lived alone led a more independent daily life.
The relationships of care grade with MIS, service time, and total ADL score were analyzed to find characteristics of service time in DG, because no correlation was found between MIS and service time. Significant correlations between care grade and MIS, service time, and ADL were demonstrated in FG. In DG, care grade showed a weaker correlation with MIS and total ADL score than in FG. There was no correlation between care grade and service time for ADL. Service time of DG showed no correlation with any of the other variables including MIS and total ADL score. Therefore, service time offered for ADL cannot be used to estimate the ADL and care grade in DG.
A possible explanation for this finding is that the service offered by staff members in DG may not be related to the ADL. There is research showing that the use of major services in domiciliary elderly care was decided more by the needs of the caregivers than by the care grades of the applicants, suggesting that consideration of the caregiver situation should be included in policy making [24] . It is obvious that the services offered by care staff members should be varied, considering the diverse life environments of domiciliary senior citizens. The services can be social such as communication and even just supportive conversation, or related with instrumental ADL such as shopping and banking rather than ADL. In these situations, the care staff members offer special services, while the caregivers help with daily activities. Further research to reveal the service types that the caregivers need in reality are required. A more upgraded system which incorporates individual home environments and provides more suitable services on a case by case basis should be introduced.
Some researchers have sought to develop a simple method of estimation using the ADL category to predict care grade [10] . The accuracy rate for the estimation of care grade by care after urination, walking and eating was 66.7% in the physically disabled facility-care elderly. The current study proved that the MIS was an independent predictor for the service time and the total ADL score. The importance of MIS as an evaluation tool comes from its objective nature compared to the evaluation tools of other domains including ADL and cognition. When the applicants are evaluated by agents, most of the domains are assessed by interviewing the applicants themselves and their caregivers. The domain for rehabilitation demands, composed of motor impairment and joint limitation, is crucial for objective evaluation because it is the only domain in which the agents observe the actual performance of the applicants. Accordingly, in the cases that the caregivers are not cooperative enough to be interviewed or complete the questionnaire, we can estimate the ADL level by simply assessing the motor impairment and cognition score of the elderly. In addition, some malingerers who describe their status as worse than it is can be detected during motor evaluation if they have good cognitive function.
The main limitation of the current study is the exclusion of dementia patients. It has been found that patients with dementia and diseases of the circulatory system, especially cerebrovascular disease, are the most common recipients of care in the LTCI system [1] . The current study can only be applied to the physically disabled elderly because dementia patients were excluded in the study design. Therefore, there is no validity evidence for the other major group of recipients, dementia patients. Further research investigating the validity of MIS in the elderly www.e-arm.org with dementia is necessary. In addition, because only the criterion validity was proved in the present study, future studies are required to ascertain the reliability of MIS as a useful tool in LTCI.
In conclusion, we found that the MIS had significant validity in predicting service time and ADL in the elderly admitted to a facility. The validity of the MIS was only partially proved in the domiciliary elderly because MIS correlated only with ADL and not with service time for ADL in these participants. Its short measurement time, the ease of learning by evaluation agents, and the correlation with service time and ADL makes the MIS a useful evaluation tool in the LTCI system of Korea. Future studies on the validity of the MIS in dementia patients as well as studies on the reliability of the MIS are necessary.
